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A B S T R A C T
Traumatic injuries of the hand and ﬁngers might be devastating with irretrievable functional and
psychological consequences in injured individuals. We present a case of successful replantation of hand
multi-level severances with 17 segments to address the best way of treatment of such injury.
The patient was 18-year-old female with multi-level severances due to cutting injury. During the
surgery, we adopted unifying coordination and grouping surgery. Moreover, we tried to improve the
quality of vascular anastomosis with various measures and shorten operative time. Postoperatively, we
closely observed the patient to effectively prevent and treat vascular crises. Furthermore, we acquired
utmost hand function recovery through enhancing functional rehabilitation exercise. The case was
followed-up regularly. As a result, the replanting palm and all ﬁngers survived successfully. Abdominal
pedicle ﬂaps were used to repair the skin of the distal end portion of thumb and middle ﬁnger due to
severe injury. At 5-year follow-up, the prehension function of the hand was restored and the patient was
capable of general labour and normal activity with the replanted hand.
This report demonstrated our experience of successful treatment of a rare and severe case of hand
injury. Accordingly, we recommend grouping surgery, closely coordination, effective and comprehensive
intra-operative and post-operative technical operations and treatments. Postoperative functional
rehabilitation exercise can restore utmost hand function.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Contents lists available at ScienceDirect
Injury Extra
jou r nal h o mep age: w ww.els evier . co m/lo c ate / in ext1. Introduction
Traumatic injuries of the hand and ﬁngers might be devastating
with irretrievable functional and psychological consequences in
injured individuals. Despite signiﬁcant progress has been made in
the past decades since the ﬁrst replantation of arm and thumb
[1,2], the management of these injuries are still technical
demanding and challenging, in particular multi-level injuries. In
1998, Pei et al. [3] termed the type of injury as limb multi-level
severances. However, there are few studies addressing hand multi-
level severances in the literature.
Here, we presented one case of palm and ﬁngers multi-level
severances with 17 segments aimed for addressing the best methods
for the type of severe injury. Attributed to the emergent unifying
coordination, meticulous design and reasonable grouping replanta-
tion surgery, the replantation surgery successfully completed. The
hand function of the patient restored well after 5-year follow-up.* Corresponding author at: Ren-Ji Traumotology and Microsurgery Hospital, #27
Fenghuang Road, Zhengzhou 450003, China. Tel.: +86 371 68277666;
fax: +86 371 68277666.
E-mail address: rjyyhjx@126.com (J.-X. Hou).
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3.0/).2. Case report
2.1. General condition
The patient was an 18-year-old female with right hand injury
accidentally by cutting machine in work. The patient was admitted
to our hospital 3 h after injury with generally good condition. Upon
examination, her ﬁve ﬁngers and palm were severed for 6 planes
into 17 segments (Fig. 1). The patient’s right thumb had a complete
mutilation in the plane of nail root, distal and proximal segments
to three proximal segments. The index ﬁnger had a mutilation from
the middle segment, distal of proximal segment, and proximal
segment. The middle ﬁnger had a complete mutilation from nail
root, middle segment, middle section of proximal segment and
proximal segment. The ring ﬁnger had a complete mutilation from
nail root, proximal and distal of interphalangeal joint. The little
ﬁnger had a complete mutilation from the middle segment to the
middle section of proximal segment. The 2nd–5th palm meta-
carpals were severed from distal end, middle section to proximal
end. The middle section of the palm had only 2 cm in width palmar
skin connected. There was a transverse crack on the dorsal of
proximal end which was deeply to the metacarpal with neat
wound edge.e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
Fig. 1. The photograph of severed hand with 17 segments preoperatively. Fig. 2. The photograph of the hand following reperfusion postoperatively.
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The surgery was undertaken under brachial plexus anaesthesia.
Following carefully identifying each ﬁnger segments, surgery was
divided into four groups.
Group 1 and group 2 were distributed to be responsible for the
ﬁnger segments. The ﬁngers segments were debrided under no
blood condition. Blood vessels, nerves and tendons were
identiﬁed respectively. Parts of the segment phalanxs were
shortened about 0.3–0.5 cm according to the vascular debride-
ment scenarios. Each ﬁnger section was ﬁxed with Kirschner wires
followed by suturing of extensor tendons and deep ﬂexor tendons.
Subsequently, 2–3 digitales dorsal venous and 1–2 digitales artery
were anastomosed for each segment. For proximal suturing, 10-0
atraumatic sutures were used; whereas for thumb, middle and
distal of ring ﬁnger, 12-0 atraumatic sutures were used. Nerves
were sutured with 9-0 atraumatic sutures. Thereafter, 1–5
digitales were replanted.
Group 3 was responsible for replantation of multi-level palm
severances. The 2nd–5th metacarpals were ﬁxed with Kirschner
wires following debridement. The ﬂexor tendons were sutured
with U-shape and extensor tendons with 8-shape. The hand vein,
arteria digitalis communis and nerves were anastomosed under
microscope with successful reperfusion.
Group 4 was responsible for replantation of the ﬁngers with the
palm in the order of thumb, index, middle, ring and litter ﬁngers.
During the surgery, thrombosis was noted following artery
anastomosis in the proximal part of the index ﬁnger and theFig. 3. The photographs middle part of the middle ﬁnger. Superﬁcial vein replant from the
palmar side of the forearm was re-anastomosed since artery defect
was identiﬁed.
Totally, the surgery continued for 21 h. The blood circulation of
the ﬁve ﬁngers of the right hand was established. In summary,
there were 26 artery anastomosis, including 3 arteria digitalis
communis and 10 arteriae digitales propriae anastomosis. There
were 33 vein anastomosis in total, including 4 dorsal metacarpal,
10 dorsal digital and 4 palmar digital vein anstomosis. Twenty-
seven nerves were anastomosed.
After surgery, the hand was ﬁxed with plaster slab. The
medication included anti-inﬂammation, anti-coagulation and anti-
angiospasm. The blood circulation of the ﬁve ﬁngers was observed
closely and continuously.
2.3. Surgical outcome
Venous crisis was noted in the distal segments of the thumb,
middle and ring ﬁngers post-op 2 and 3 days. 0.9% sodium chloride
500 ml plus heparin 6250U were maintained intravenously for
24 h. A small incision was made on the ﬁngers tip for bled for 5–8
days.
Consequently, the replanting palm and all ﬁngers survived
successfully (Fig. 2). Abdominal pedicle ﬂaps were used to repair
the skin of the distal end portion of thumb and middle ﬁnger due to
severe injury. The thumb underwent active and passive functional
exercise of joints 35 days after surgery; whereas the remaining
ﬁngers 60 days after surgery.of 1-year-follow-up.
Fig. 4. The photographs of 5-year-follow-up. The prehension function of the hand is restored and the patient is capable of general labour and normal activity with the
replanted hand.
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interphalangeal joint was 5 to 30 degree. As for the metacarpo-
phalangeal joints, the range of motion was normal. As for the 2nd–
5th ﬁnger metacarpophalangeal joints, the range of motion was
20–80 degree (Fig. 3A and B).
At 5-year follow-up, the ﬁngers were rosy with moderate
tension (Fig. 4A and B). The response of the capillaries of the ﬁngers
was quick. The algesthesis and thigmesthesia restored with the
two-point discrimination as 6–8 mm. The perspiration was
normal. The function of the thumb, including adduction, abduc-
tion, palmar and ﬁngers opposition, was good. Ankylosis of the
metacarpophalangeal and distal interphalangeal joints was noted.
The range of motion of the metacarpophalangeal joints of the
second to ﬁfth ﬁngers was approximately 0–90 degree. The
prehension function of the hand was restored and the patient was
capable of general labour and normal activity with the replanted
hand (Fig. 4C).
3. Discussion
To our knowledge, the case we presented might be the ﬁrst and
most severe injury with multi-level hand severances into 17
segments.
First, multi-ﬁnger mutilations were clinical common injury.
Successful replantation has been reported in the literature.
However, replantation of single hand injury with multi-level,
multi-section severances is difﬁcult, technical-demanding. The
case we presented was successful and followed-up with our
experience. We propose that the following points should be
stressed on the basis of our experience.
a. As for the surgery, we should emphasis uniﬁed organization and
command, reasonable assignment of technical staff, grouping
surgery, minimum tissue ischaemia time. Given the long surgery
time duration and high operation risk, multi-ﬁnger and multi-
segment mutilation should be organized and coordinated by an
experienced microsurgical specialist with uniﬁed arranged time.
Moreover, simultaneously grouping surgery should be noted to
maximally shorten the ischaemic time.
b. As for intra-operation technical notes, we propose reasonable
arranged replantation order, identiﬁcation of each ﬁnger
segment, replantation under no blood condition [4] so that
vision was clear with high repair quality. Each mutilation ﬁnger
segment should be replanted under the alleged assembly-line
pattern [3], which includes the order as debridement, bone
ﬁxation, ﬂexor tendon repair, extensor tendon repair, the dorsal
venous anastomosis, suturing dorsal skin, digitales artery repair
and nerve anastomosis. Subsequently, we suggest the synchro-
nous method [3,4], which means that the same type and the
same side of operations of multiple ﬁngers should be completed
for the same time. Thus we can shorten the ischaemia and
operative time.c. The replantation surgery should be uninterrupted by tourni-
quet. Fine manipulation surgery is proposed under tourniquet,
such as searching for blood vessels, vascular anastomosis;
whereas general operations, such as bone ﬁxation and tendon
suture, are proposed without tourniquet. In the way we could
ensure continuous operation without interruption to save time.
Second, we recommend the following technical notes. (a)
Thorough debridment with sparing all kinds of skin and soft
tissue. (b) Quick and ﬁrm ﬁxation using a single longitudinal
Kirschner wire through bone. (c) Achievement of high quality
anastomosis using circling anastomosis which means arbitrary
point circling anastomose with each stoma suturing 4-pin, utmost
5-pin. We should ensure the anastomosis unobstructed without
leakage. (d) The repair method for ﬂexor tendon is the fast and
smooth U-shape suture. In zone II, only deep ﬂexor tendon is
repaired. (e) Vascular grafts bridging vascular defects should be
adopted under appropriate scenarios. (f) Fine repair of multiple
segments of each nerve. (g) Careful identiﬁcation of each ﬁnger
segment derivation to prevent wrong ﬁnger replantation. (h)
Prevention of the rotation of ﬁngers. Usually a margin of ﬁngers
should be parallel with the axis pointing to the scaphoid tubercle
under ﬂexion. (i) Protection of joints and avoidance of arthrodesis.
Phalanges shortening levels should be as much as possible far
away from adjacent joints.
Third, postoperative treatment points are as below. (a) Special
nursing, heat retaining and ﬁxation. (b) Close observation of blood
supply and timely treatment of vascular crisis. Postoperative using
of analgesic, hibernating or analgesia. (c) Rational medications to
supplement blood volume. (d) Phlebotomy to be used under distal
venous crisis to relieve venous disorders. The time duration
gradually extends until slow stop.
Fourth, functional rehabilitation. (a) Application integration,
functional rehabilitation programme treatment, inpatient rehabil-
itation prevention ideas will permeate the multi-stage multi-ﬁnger
replantation of preoperative and surgical procedures, preoperative
uniﬁed reasonable arrangement, surgery as soon as possible means
the body shorten ischaemic time. Intra-operative attention to
protect the joint, a smooth solid ﬁx all tendons, blood vessels and
nerves ﬁne repair, postoperative infection prevention, treatment,
and promote tissue repair, reduce oedema and adhesions, early
removal of Kirschner wires for the main functional training is
hands-on, can be CPM treatment, herbal fumigation, physical
therapy, job training and sensory re-education and other early
rehabilitation after discharge from hospital to continue to promote
treatment, job training and sensory re-education training,
mobilization of doctors, patients, relatives and social forces
involved, the maximum limit restore hand function. (b) Rehabili-
tation advanced through tendon release, nerve exploration
transplant, or replacement arthroplasty reconstructive surgery
and other functions can be further deepening the quality of
recovery.
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hand multi-level severances into 17 segments, we acknowledge
that several limitations exist in the current paper. For one,
abdominal pedicle ﬂaps were used to repair the skin of the distal
end portion of thumb and middle ﬁnger due to severe injury.
4. Conclusions
To obtain successful replantation of hand multi-level sever-
ances, we recommend grouping surgery, closely coordination,
effective and comprehensive intra-operative and post-operative
technical operations and treatments. Postoperative functional
rehabilitation exercise can restore utmost hand function.Conﬂicts of interest statement
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